, studies were undertaken to determine the effect of genetic factors, magnesium fertilisation and storage on the content of nitrates (V) and (III) in carrot roots. After harvest as well as after storage, the cultivar 'Perfekcja' was characterised by the lowest content of NO 3ˉ and NO 2ˉ, while the greatest amounts were found in cultivar 'Flacoro'. Magnesium was applied in doses of 0, 45 and 90 kg MgO ha -1 -in the form of 3% spraying during the vegetation season. The research items were cultivars: 'Berjo', 'Flacoro', 'Karotan', 'Koral' and 'Perfekcja'. After harvest as well as after storage, the cultivar 'Perfekcja' was characterised by the lowest content of NO 3ˉ and NO 2ˉ, while the greatest amounts were found in cultivar 'Flacoro'. In this research, each of the applied dose of magnesium fertilisation resulted in a signifi cant increase in the content of nitrates (V) and (III) in carrot roots, but none of the evaluated cultivars did not exceed the allowed amounts. After storage, the content of nitrates (V) decreased for the cultivars '
INTRODUCTION
Carrot (Daucus carota L.) is one of the main vegetable crops grown both for direct consumption and for processing [Gajewski & Dąbrowska 2007 , Czerwińska & Zgórska 2011 . Due to largescale production and a growing demand, carrots are an essential export goods [Czerwińska & Zgórska 2011 , Filipiak & Maciejczak 2010 , Wszelaczyńska & Pobereżny 2011 . Carrot is a plant, which has high tendency for the accumulation of nitrates (V) and (III) and their greatest concentration is in the roots [Grudzińska & Zgórska 2005] . According to the norms, the content of nitrates (V) in carrot should not exceed 400 mg • kg -1 in fresh weight and in the case of carrot allocated to processed foods for children under 3 years of age -200 mg • kg -1 [Grudzińska & Zgórska 2005 , Murawa et al. 2008 , Gajewski et al. 2010 , Wrzodak & Elkner 2010 MgO ha -1 -w formie 3 % oprysku w okresie wegetacji. Obiektami badań były odmiany: 'Berjo', 'Flacoro', 'Karotan', 'Koral', 'Perfekcja'. Najmniejszą zawartością NO 3ˉ i NO 2ˉ po zbiorze jak o po przechowywaniu charakteryzowała się odmiana 'Perfekcja' a najwięk-szą odmiana 'Flacoro'. W prowadzonych badaniach każda z zastosowanych dawek nawożenia magnezem powodowała istotny wzrost zawartości azotanów (V) i (III) w korzeniach marchwi ale żadna z badanych odmian nie przekroczyła dopuszczalnej normy ich zawartości. Po przechowywaniu nastąpił spadek zawartości azotanów(V) dla odmian: 'Berjo', 'Flacoro' i 'Karotan' o 2%, 'Koral' i 'Perfekcja' -2,5%, natomiast azotanów (III) dla 'Berjo' o 1%, 'Karotan' i 'Perfekcja' -3% a 'Flacoro' i 'Koral' -5%. the consumer's body comes from the fact that they are getting transformed into toxic nitrates (III), oxidise haemoglobin to methaemoglobin as well as show a destructive effect on vitamin groups A and B as well as carotenoids [Murawa et al. 2008 , Marks 2009 . At present, in agriculture there is a search for growing methods, which enrich the material with nutrients and, at the same time, decrease the content of harmful compounds. The quality of storage roots in carrot is cultivar-specifi c; it also depends on climate-soil conditions, agrotechnical practices as well as the conditions during long-term storage [Seljasen et al. 2001 , Santamaria 2005 , Tamme et al. 2005 , Kona 2006 , Ayaz i in. 2007 , Gajewski & Dąbrowska 2007 , Murawa et al. 2008 , Gajewski et al. 2009b , Karkleliene et al. 2009 , Domaradzki et al. 2010 , Czerwińska & Zgórska 2011 , Wrona 2012 . Knowing that magnesium participates in the synthesis of carbohydrates, proteins and provitamin A as well as that it is the structural element of chlorophyll [Smoleń & Sady 2007 , Wszelaczyńska & Pobereżny 2011 , research has been launched to determine the content of nitrates (V) and (III) in storage roots in carrot depending on the foliar application of magnesium, genetic conditions as well as storage.
MATERIALS AND METHODS
The research material was derived from fi eld experiments performed in the Kujawy and Pomorze Province over [2007] [2008] [2009] . The experiments were performed on light soil with a slightly acid reaction, a low richness in the available forms of P and K as well as the average richness in Mg. The experiments were set up in a split-plot design in three replicates. The experiment design included the following factors: evaluation date (after harvest and after storage), cultivars (Berio, Flacoro, Karotan, Koral and Perfekcja), magnesium fertilisation in the form of 16% sulphate (0, 45 and 90 kg MgO • ha -1 ) with a fi xed NPK fertilisation (70 kg N ha -1 , 80 kg P 2 O 5 • ha -1 and 100 kg K 2 O • ha -1 ). Foliar fertilisation with magnesium was applied twice during the plant growth (July and August) by applying 3% sulphate solution (300 l • ha -1 ). The samples were stored in a traditional heaped pile of earth for 6 months. The scope of this research included determining the contents of nitrates (V) with the ion-selective method using the multifunctional apparatus CX-721 provided by the company Elmetron (Baker & Thompson 1992) . The content of ions NO 2¯ was determined after its oxidation to NO 3¯, in an earlier prepared sample of the extract according to the abovementioned method. Statistical analysis was performed for the results of the 3-year research by applying the analysis of variance method to evaluate the signifi cance of the Tukey differences. The coeffi cients of linear correlation between the characters studied as well as the coeffi cients of variation were calculated. The daily consumption of nitrates (V) and (III) with the consumption of 55 g of the storage roots studied were determined. The publication has been developed with the use of the apparatus purchased as part of project `Execution of the second stage of the Regional Center of Innovativeness', ' which was co-fi nanced by funds of the European Regional Fund as part of the Regional Operational Programme of the Kujawy and Pomorze Province for 2007-2013. 
RESULTS AND DISCUSSION
The results of the content of nitrates (V) in the roots of fi ve carrot cultivars have been presented in Table 1 . The analysis of variance showed signifi cant differences in the content of nitrates (V) across the cultivars studied. The lowest content of nitrates (V) after harvest and after storage was recorded for 'Perfekcja', 223.87 and 218.90 mg • kg -1 , respectively, and the greatest for 'Flacoro' cultivar, 277.23 and 271.58 mg • kg -1 of fresh weight. Different results were reported by Grudzińska and Zgórska [2005] for all the three cultivars; 'Perfekcja' accumulated most nitrates (V) and the content was much higher, namely 464 mg • kg -1 of fresh weight. A high content of nitrates (V) for 'Perfekcja' cultivar was also reported by Wrzodak and Elkner [2010] -431.6 mg • kg -1 of fresh weight. As reported by Gajewski et al. [2009b] , the content of nitrates (V) on average for two cultivars, was 260 mg • kg -1 of fresh weight, and 'Karotan' cultivar showed a greater tendency to the accumulation of nitrates (V) than 'Trafford'. Gajewski et al. Sus et al. [2006] monitoring the carrot market in Slovenia. The magnesium fertilisation applied resulted in a signifi cant increase in the content of nitrates (V) and (III) ( Table 1 ). The applicable literature demonstrates that magnesium introduced with fertilisation increases its concentration in the plant intensifying photosynthesis. It also increases the health status of plants by limiting the development of pathogenic bacteria and fertilisation with magnesium sulphate increasing the soil reaction. All those processes decrease the accumulation of nitrates in plants [Smoleń et al. 2010 , Waraich et al. 2012 . The opposite result in the present research can be due to an increase in the concentration of sulphate anions in carrot roots supplied with that fertiliser, the excess of which can contribute to the accumulation of nitrates in plants [Smoleń et al. 2006 ]. An increased content of nitrates in 'Kazan' F1 (however, not exceeding the norm) fertilised with the fertiliser in a sulphate form is also reported by Sady et al. [2005] . After 6 months of storage, there was reported a drop of the content of nitrates (V) for Berjo, Flacoro and Karotanu by 2% and for Koral and Perfekcja by 2.5% (Fig. 1) , which complies with the results of Gajewski et al. [2010] . Gajewski et al. [2009a] , investigating eight cultivars, recorded an average decrease in the content of nitrates (V) accounting for as much as 22%. However, one shall note that in 'Interceptor', 'Nebula' and 'White Satin' after ]. Fig. 1 . Percentage losses of the content of nitrates (V) in carrot roots depending on the cultivar, fertilisation and storage period Fig. 2 . Percentage losses of the content of nitrates (III) in carrot roots depending on the cultivar, fertilisation and storage period storage, there was noted an increase in the concentration of nitrates (V) by 18.9%, 0.23% as well as 1.5%, respectively. Wrona [2012] as well as Czerwińska and Zgórska [2011] claim that during storage, the content of nitrates (V) decreased since they get transformed into nitrates (III). According to many authors, the conditions of storage are one of the key factors affecting the changes in the quality of vegetables [Seljasen et al. 2001 , Tietze et al. 2007 , Gajewski et al. 2010 , Wrona 2010 , Wrzodak & Elkner 2010 , Wszelaczyńska & Pobereżny 2011 , Pobereżny et al. 2012 . Wrona [2012] recorded a decrease in the content of nitrates (V) by 13% and 53%, respectively, in storing carrot both in industrial conditions and in the fridge. Such a high difference could have been due to higher temperature of storage in the fridge than under industrial conditions. The root storage period also signifi cantly decreased the content of nitrates (III) (Fig. 2 ) and recording such a result is confi rmed by a signifi cantly positive coeffi cient of correlation between nitrates (V) and (III) after storage (r = 0.468; P0.01). The decrease was as follows: 'Berjo' -1%, 'Karotan' and 'Perfekcja' -3% and for 'Flacoro' and 'Koral' -5%. The calculated coeffi cients of variation for nitrates (V) and (III) (Table 1) show that, as compared with both compounds, 'Flacoro' carrot showed the highest variation and 'Berjo' showed the lowest variation for nitrates (V), while for nitrates (III) -'Karotan' both after harvest and after storage.
The FAO/WHO Joint Expert Committee on Food [2002] defi ned the value of the daily consumption from all the sources for nitrates (V) from 0 to 3.7 and for nitrates (III) from 0 to 0.07 mg • kg -1 of the body weight. The values show that the ADI ((Acceptable Daily Intake -by the man of 60 kg in weight cannot exceed 222 mg of nitrates (V) and 4.2 mg of nitrites (III) [Burt et al. 1993] . With the consumption of 55 g of the carrot studied, they consume a maximum of 16.0 mg of nitrates (V) and 0.14 mg of nitrates (III) daily, which accounts for 7.2% and 3.3% ADI, respectively [ Table 2 ]. Tamme et al. [2005] , monitoring the Estonian market, defi ned the daily consumption of nitrates for adults as 58 mg day 1 for children at the age from 4 to 6 years old -30 mg and for babies -7.8 mg.
CONCLUSIONS
The content of nitrates (V) and (III) signifi cantly depended on the genetic conditions; the lowest concentration of the compounds studied was recorded for 'Perfekcja' and the highest for 'Flacoro'. Magnesium fertilisation increased the content of nitrates (V) and (III) in the storage roots in carrot; however, after storage those contents decreased. The cultivars exceeded neither the norm of the content of nitrates in the fresh weight nor the ADI. Due to the toxic effect of nitrogen compounds, a regular monitoring of the content and occurrence of those compounds is necessary.
